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I. INTRODUCTION 



This program is designed to simulate the endgame phase 
between a missile and an air target for the purpose of 
illustrating the dynamics of the encounter. This program, 
called ENDGAME, enables the user to determine the miss 
distance, the fragment spray zone, and the best point for 
detonation for a given ordnance package, target and 
missile velocity and flight path. 

This program, written in the C language, and using the 
HALO graphics subroutine packages, provides the basic 
framework from which further simulations of increased 
complexity and sophistication can be easily implemented. 

To establish the proper perspective, a brief outline is 
given as follows; the following chapter gives the 
theoretical background for the endgame. This is followed 
in Chapters III and IV by a construction of the program in 
the C language with comments on graphical features. 
Finally conclusions are drawn in Chapter V, and 
recommendations are made for future improvements. The 
program variables are described in Appendix A.' The program 
listing is given in Appendix B, and a user's manual is 
given in Appendix C. 
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II. THE ENDGAME 



A. THE MISS DISTANCE 

For a given encounter between a missile and a target, 
the guidance system can use any one of several methods to 
navigate the missile along the flight path from launch to 
the intercept with the target. The miss distance is 
basically the minimum distance between the missile and its 
target during the encounter. It is used for determining the 



probability that 


a fragment 


from 


the 


detonation 


of 


the 


warhead hits the target. 


The 


miss 


distance 


can 


be 


evaluated based 


upon the encounter conditions shown 


in 



Figure 2-1 and assuming the velocity of both the missile 
and the target are constant. 




Figure 2-1. Encounter Conditions in Grobal Coordinates 
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To evaluate the miss distance, grobal coordinates are 
chosen for convenience and proper understanding. See 
Figure 2-1. 



At time r 

T + t = M*+m + s (1.1) 

where 

T = the vector from the origin to the target at r=0 
— ► 

t = the vector from the target at r= 0 to the target 
at t=t 

— ► 

M = the vector from the origin to the missile at r= 0 

m = the vector from the missile at r=0 to the missile 
at t=t 

- ► — ► — ► 

s = the vector from m to t (the seperation vector) 
Since the target velocity, V^., is assumed to be constant 

t = V t tC (1.2) 



And since the missile velocity, V m , is also assumed to be 
constant 



m = V_ (cos0 1 + sinS 3 ) r (1-3) 

thus, 

s = (T - M) + (t - m) 

= t(T x - Mjj) + V t r - V m COSS r] f (1.4) 

+ C(T y - My) - r V m sinS] j" 



where the subscripts x and y denotes the x and y components 
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For min |s| 

d|s| 

= 0 (1.5) 

dr 

Solving equation (1.5) for r using equation (1.4) gives 

s x < v m 0059 - v t> + s y v m sin 6 , 

T = 5 5 (1-6) 

(V m cosfl - V t ) 2 + (V m sine ) 2 

Define S x = T x - M x 

S y = T y - My 

and v mtJ£ = v n cos* - V t 

v mty - v m sin * 

Eq (1.6) can be written as 



r 



s x v mtx + s y 
v mtx 2 + v mty 




(1.7) 



and eq (1.4) can be given in the form 

S - r s x - v nt x o 1 + [Sy - v mty ^ 5 t 1 - 8 ) 

Equation (1.8) can be used to determine whether the 
given encounter is an Early Bird or a Late Bird situation. 
In the Early Bird case, the missile passes in front of the 
target, whereas it passes behind the target in the Late 
Bird case. 
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